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Monday, February 27, 2012 377aconstitutively active Rho GTPases demonstrated essentially cytoplasmic local-
ization. Moreover, active Cdc42 was shown to augment localization of mDia2
to cell plasma membrane and slow down its nuclear shuttling. Finally, we have
found that even without LMB treatment, GFP-fused full length mDia2 is accu-
mulated to the nuclear rim, where it colocalizes with nesprin, a protein involved
in linking nucleus with actin cytoskeleton. Constitutively active Rac1 was also
enriched in the nuclear rim. The experiments using cell treatment with digito-
nin, which permeabilizes plasma- but not the nuclear membrane, suggested that
mDia2-enriched nuclear rim was located at the cytoplasmic side of the nuclear
membrane.
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Activation of T cell receptor (TCR) by antigens occurs in concert with an elab-
orate multi-scale spatial reorganization of proteins at the immunological syn-
apse, the junction between a T cell and an antigen-presenting cell (APC).
Signaling through discrete T cell receptors (TCRs) in the context of immuno-
logical synapse, involves the orchestrated movement and reorganization of
TCR microclusters. The frictional coupling between the actin cytoskeleton
and protein microclusters has been proposed to be essential for the spatial or-
ganization of signaling receptors at all length scales, but the role of molecular
motors in this process is largely unknown. By using the hybrid live T cells-
supported membrane platform, we study the role of myosin motors in the
synapse formation of primary T cells and explore a possible mechanical mech-
anism of signal modulation involving myosin II.
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Myosin Va is a motor protein responsible for vesicular transport inside eu-
karyotic cells. Its structure has been well-studied and is known to contain
a flexible hinge region approximately half-way between the N-terminal motor
domain and C-terminal globular tail. Previous studies have shown two distinct
conformations for Myosin Va, one where the hinge remains extended and the
protein is active, and one where the hinge allows the protein to fold, allowing
auto-inhibition between the globular tail and motor regions. It is assumed, but
never shown at the single-molecule level, that Myosin Va actively switches
between these conformations at the timescales typical of their runs. Tradi-
tional two-dimensional fluorescence tracking techniques cannot adequately
capture the conformation change. However, it is possible to track an out-
of-focus particle in all three dimensions with a modified form of FIONA
microscopy. The point spread function of the out-of-focus particle takes the
shape of an Airy disc, with the width of the disc proportional to the distance
by which the particle is out of focus. With this technique, the spatial resolu-
tion degrades quickly with drift, so we have further modified the microscope
with an auto-focus system based on feedback of backscattered signal from
a secondary IR laser. We present tracking data of quantum dots bound to
full-length Myosin Va with < 5 nm spatial resolution in XY, < 30 nm in
Z at a time resolution of 100 ms, which is sufficient to resolve conformation
changes.Intracellular Cargo Transport
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A central question in the study of many processive motor proteins is how are
the mechano-chemical cycles in the two motor domains coordinated. In our
study, we investigate the hypothesis that the coordination is achieved via subtlechanges in the reaction rates due to asymmetric tension within the structures.
We perform coarse-grained Brownian dynamics simulations of the myosin
VI motor domain and study structural changes in the nucleotide binding pocket
as a function of applied tension and relate the structural changes to the changes
in the chemical reaction rates.
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Naturally occurring lipid granules diffuse in the cytoplasm and can be used as
tracers to map out the viscoelastic landscape inside living cells. Using optical
trapping and single particle tracking we found that lipid granules exhibit anom-
alous diffusion inside human umbilical vein endothelial cells. For these cells
the exact diffusional pattern of a particular granule depends on the physiolog-
ical state of the cell and on the localization of the granule within the cytoplasm.
Granules located close to the actin rich periphery of the cell move less than
those located towards to the center of the cell or within the nucleus. Also, gran-
ules in cells which are stressed or have attached to a surface for a long period of
time move in a more restricted fashion than within healthy cells. For granules
diffusing in healthy cells, in regions away from the cell periphery, occurrences
of weak ergodicity breaking are observed, similar to the recent observations in-
side living fission yeast cells [1].
[1] J.-H. Jeon, V. Tejedor, S. Burov, E. Barkai, C. Selhuber-Unkel, K. Berg-
Sørensen, L. B. Oddershede, and R. Metzler, Phys. Rev. Lett. 106, 048103
(2011).
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A molecular motor is a nano-scale protein which converts chemical energy into
mechanical work. For example, myosin-V is a double headed processive mo-
lecular motor that transports a variety of cargos within biological cells. It
achieves this by walking head-over-head along an actin track, passing through
a sequence of coordinated chemical reactions and mechanical motions, taking
several successive steps before detaching.
There is much debate as to the exact nature of the stepping mechanism of
myosin-V due to the noise to which nano-scale measurements are subject.
Mechanochemical aspects have been experimentally investigated and averaged
quantities, such as velocities and run lengths, have been measured. Our work
focuses on theoretical methods to extract more information - such as a more
precise stepping mechanism - from these experimental results aiming to im-
prove the quality of molecular motor modelling.
A postulated sequence of mechanochemical changes a molecule undergoes can
be encoded into a discrete stochastic model. Optimisations techniques are used
to fit parameters of the system against measureable quantities, giving a quanti-
tative measure as to the degree to which the system agrees with experiment.
The validity of several models for myosin-V is discussed and ideas such as
the detachment mechanism of the protein are critically analysed. Existing
theoretical techniques are tested and improved. A quantitative analysis of com-
peting stepping cycles and their agreement with experimental results is also
discussed.
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Molecular motors of the kinesin and dynein superfamilies are the driving force
behind intracellular transport, cell division and cell propulsion. Inside the
378a Monday, February 27, 2012chemosensory cilia of Caenorhabditis elegans two kinesin-2-family motors,
kinesin-II and OSM-3-kinesin, cooperate to build and maintain the cilium, in
a process called intraflagellar transport (IFT). In order to quantitatively asses
IFT-kinesin function at endogenous expression levels, we have generated trans-
genic worms using Mos1-mediated single-copy integration of transgenes
encoding fluorescently-labeled-IFT kinesins. Ultrasensitive wide-field and con-
focal fluorescence microscopy allows accurate mapping, counting, tracking and
correlation of these molecular machines inside living, multicellular organisms.
This approach allows unprecedented insight into IFT and motor-driven pro-
cesses in general.
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Organelle motility is essential for the functioning of the eukaryotic cell. Ac-
tively modifying intracellular structures allows cells to change and adapt to dif-
ferent conditions. One of these cellular structures is the microtubule
cytoskeleton, which is comprised of polarized filaments that function as tracks
to transport cargo via molecular motors. Recent studies have revealed the im-
portance of cooperative transport in living cells. In the moss Physcomitrella
patens, reorganization of the chloroplasts is critical to adapt to changes in light
quality and intensity. In this work, we performed detailed analysis of the trans-
port of chloroplasts in protonemal moss cells, and showed that their transport is
facilitated by molecular motors and the microtubule cytoskeleton. Our findings
were recapitulated using coarse-grained modeling of this cargo transport over
different microtubule network topologies. Our simulations include a detailed
description of motor and microtubule dynamics, in the presence of thermal fluc-
tuations. Our modeling sheds light into the molecular mechanisms at play in the
photo-relocation response of chloroplasts in moss.
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In plants, cellular growth requires the assembly of extensive amounts of new
cell wall surface. The targeted deposition of building material through exocy-
tosis - cell wall polymers, enzymes and membrane material - is therefore a cru-
cial regulatory feature in plant development. The spatial and temporal
regulation of the delivery of cargo vesicles to the target surfaces are poorly un-
derstood. Spatio-temporal image correlation spectroscopy (STICS) was used to
quantify the intracellular dynamics of secretory vesicles and of the actin arrays
in pollen tubes - rapidly and polarly growing plant cells. The
dynamic profiles were used to validate mathematical models
for vesicular trafficking. Boundary conditions were the ex-
panding cell wall (Fig.1A) and the actin array whose shape
was obtained by imposing a steady state and constant poly-
merization rate of the actin filaments (Fig.1B). The model
correctly predicted the vesicle flow patterns in different types
of pollen tubes and provides an explanation for flow dynam-
ics in cellular regions devoid of actin cytoskeleton. It will
serve as a basis for understanding how pollen tubes are
able to regulate their morphogenetic pattern, for example
when responding to a directional trigger by changing the
growth direction (Fig.1C).1922-Pos Board B692
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Understanding insulin granule transport in live beta cells is a complicated task.
Traditionally, the diffusion coefficients and the velocity of insulin granules
measured via particle tracking techniques are used to characterize the dynam-
ics, which requires the assumption that the dynamics to be either purely diffu-
sive or ballistic. This is not the case for insulin granules. We use a variety of
statistical data analysis, to show that insulin granule vesicles in their pathway,
which leads to exocytosis performs a subordinated intercellular transport mech-
anisms, which leads to a statistical anomalous dynamics.1923-Pos Board B693
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Cellular physiology and metabolism depend on mechanisms that regulate the
transport macromolecules and organelles along cytoskeletal filaments. In
many cases, these cargos are transported by multiple motor proteins that
work either agonistically or antagonistically to control the directions of cargo
motion. A number of new experimental techniques have been developed to
study how the interactions between motors affect cargo transport, examining
these problems inside of living cells has been much more challenging. The
main aim of this study is to develop an intracellular assay that facilitates exam-
ination of mechanism governing cargo transport by multiple motors. To do so,
we have designed cell lines that allow the coupling an uncoupling of motors to
and from cargos via the application of an external stimuli. These cells provided
control over the number of cargo attachment sites and the number of motors
that are attached to these sites. The use of this system to examine the cooper-
ation and competition of motors will be discussed.
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The delivery of new cell wall material to the forming cell plate of a dividing
plant cell requires intricate coordination of secretory vesicle trafficking. The
vesicles need to be transported rapidly and efficiently to precise locations in
the cell at specific times in order for cell division to occur normally. The traf-
ficking of vesicles is mediated by the cytoskeleton via complex regulatory
mechanisms. However, the dynamics of the vesicle delivery is difficult to
measure in living cells due to their small size and high density. The vesicle
dynamics are measureable via Spatio-Temporal Image Correlation Spectros-
copy (STICS), a fluorescence fluctuation method that was initially developed
to measure the directed transport or flow of proteins inside living cells. STICS
relies on calculating the complete space-time correlation function of the
intensity fluctuations between images of a time series obtained using a fluores-
cence microscope. Here, we use STICS to analyze laser scanning confocal
microscopy image time series to obtain quantitative information on secretory
vesicle dynamics in plant cells between their production from Golgi stacks
and the final step of vesicle docking and fusion at the cell plate initiation
site. We were able to map the direction and magnitude of vesicle movement
at the different stages of cell division. This allowed us to determine the range
of velocities of vesicles and to observe the varying flow patterns and the fast
changing nature of their dynamics during the formation of the cell division
plate.
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Three-dimensional single particle tracking (SPT) was applied to investigate the
intracellular trafficking of multicomponent (MC) lipoplexes in CHO-K1 cells.
In untreated (NT) cells, we have found that: (i) intracellular lipoplex motion
was either directed or Brownian;(ii) the occurrence of directed motion was
more frequent (more than 70%) than the Brownian one;(iii) within experimen-
tal error, the Brownian motion (D~0.710-3 umt2/s) was faster than the direc-
tional movement (D~0.3510-3 umt2/s);(iv) the directed motion mean
velocity was about v=0.032 um/s;(v) the calculated three-dimensional aspher-
icity, A3, was close to unity denoting the privileged occurrence of movement
along a direction. To elucidate the role of the cytoskeleton structure in the lip-
oplex trafficking, cells were treated with cytoskeleton (actin microfilaments
and microtubules) polymerization inhibitors (Latrunculin B and Nocodazole,
respectively). In inhibitor-treated cells, we have found that: (i) the percentage
of directional movement decreased balanced by the simultaneous increase in
the occurrence of Brownian motion;(ii) reduction of directional movement
was large but never complete. Such observation might reflect either an incom-
plete disruption of cytoskeleton network by drug treatment and/or its recovery
due to the kinetic profile of the drugs employed;(iii) the effect of Nocodazole
on the reduction of directional movement was definitely stronger than that of
